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BATTERY MODULE AND COMBINATION 
BATTERY 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a battery module 
and a combination battery. 
0002 Recently, attention has been directed to a cell 
sheathed in a laminate film from a Standpoint of reduced 
weight and the like, i.e., directed to a laminate-sheathed cell, 
as a Secondary battery for a power Source in an electric 
vehicle (EV) using electricity as its power Source, a hybrid 
electric vehicle (HEV) combiningly using an engine and a 
motor as its power Source, or the like. 
0003. The laminate-sheathed cell typically comprises a 
laminate film having flexibility, and an electric-power gen 
erating element encapsulated within the laminate film by 
heat-welding an outer periphery of the laminate film. The 
electric-power generating element is connected with one end 
of an electrode lead having its other end protruded out 
wardly of the laminate film (see JP-A-2001-345081). 
0004. In applying a secondary battery to a power source 
of an EV, HEV and the like, it is required to electrically 
connect a plurality of unit cells to each other and assemble 
them into the Secondary battery, for a higher Voltage and an 
increased capacity. 

SUMMARY OF THE INVENTION 

0005. However, it is difficult to obtain an excellent han 
dling in case of adopting the laminate-sheathed cells as a 
Secondary battery, Since a Sufficient rigidity is not obtained 
between neighboring laminate-sheathed cells, or between 
laminate-sheathed cells mutually adhered in a Stacked man 
ner. It is therefore demanded to facilitate the handling upon 
assembling a plurality of unit cells, from a Standpoint to 
increase a production efficiency. 
0006 Further, while it is required to draw around volt 
age-measurement cables in order to measure Voltages of the 
individual laminate-sheathed cells, the operation for draw 
ing around the cables is troublesome and additional Spaces 
are required to accommodate the cables therein, to thereby 
resultingly obstruct downsizing of a power Source. 
0007. The present invention has been carried out to 
Satisfy the above described demand, and it is therefore an 
object of the present invention to provide a battery module 
and a combination battery, by which the handling of unit 
cells is facilitated to thereby enhance the production effi 
ciency while contributing to a downsized power Source. 
0008 To attain the above object, according to an aspect 
of the present invention, there is provided a battery module 
comprising a cell assembly configured with a plurality of 
unit cells electrically connected together, each unit cell 
including an electric-power generating element and a lami 
nate film encapsulating the electric-power generating ele 
ment therein, a battery accommodation case configured to 
accommodate the cell assembly therein, and a retention 
member configured to retain the plurality of unit cells as the 
cell assembly, the retention member being configured with 
a printed-wiring board printed with Voltage measurement 
wirings configured to measure Voltages of the plurality of 
unit cells, respectively. 
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0009. The embodiments of the present invention will be 
described hereinafter with reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE 
ACCOMPANYING DRAWINGS 

0010 FIG. 1 is a front view of a battery module accord 
ing to a first embodiment of the present invention; 
0011 FIG. 2A and FIG. 2B are a front view and a side 
View, respectively, of a retention member in a State that the 
retention member retains laminate-sheathed cells therein; 

0012 FIG. 3A and FIG. 3B are a front view and a 
bottom view, respectively, of the retention member in a State 
that the retention member retains the laminate-sheathed cells 
therein; 
0013 FIG. 4 is a front view of a printed-wiring board 
constituting the retention member; 
0014 FIG. 5 is a perspective view of an example of a 
laminate-sheathed cell; 

0.015 FIG. 6A is a plan view of the laminate-sheathed 
cell, and FIG. 6B is a cross-sectional view taken along a line 
6B-6B of FIG. 6A; 
0016 FIG. 7A through FIG. 7C are a front view, a top 
View, and a side View, respectively, of a battery accommo 
dation case shown in FIG. 1; 
0017 FIG. 8 is a perspective view of a combination 
battery according to a Second embodiment of the present 
invention; 

0018 FIG. 9 is a schematic view of a vehicle comprising 
the combination battery mounted thereon; 
0019 FIG. 10 is a front view of a printed-wiring board 
constituting a retention member according to a third embodi 
ment of the present invention; 
0020 FIG. 11A is a front view of a battery module 
according to a fourth embodiment of the present invention 
including eight unit cells connected together in Series, and 
FIG. 11B is a bottom view of the battery module for 
exclusively showing a relationship between bus-bars and the 
printed-wiring board of the battery module, where Voltage 
measurement terminals in this battery module are provided 
on both Surfaces of the printed-wiring board, respectively, in 
one version; 
0021 FIG. 12A is a see-through rear view of the battery 
module shown in FIGS. 11A and 11B, and FIG. 12B is a 
bottom view identical with FIG. 1B: 

0022 FIG. 13A is a front view of a battery module also 
according to the fourth embodiment of the present invention 
including eight unit cells connected together in Series, and 
FIG. 13B is a bottom view of the battery module for 
exclusively showing a relationship between bus-bars and the 
printed-wiring board of the battery module, where Voltage 
measurement terminals in this battery module are provided 
on one Surface of the printed-wiring board, in another 
version; and 
0023 FIG. 14A is a see-through rear view of the battery 
module shown in FIGS. 13A and 13B, and FIG. 14B is a 
bottom view identical with FIG. 13B. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0024. In this specification, the terms “unit cell”, “battery 
module” and “combination battery' shall be defined as 
follows. The term “unit cell” designates one cell having its 
electric-power generating element exemplarily encapsulated 
within a laminate film, i.e., designates an individual lami 
nate-sheathed cell. The term “battery module” designates a 
combination of a battery accommodation case and a cell 
assembly accommodated therein, Such that the cell assembly 
is configured with: a unit cell; or a plurality of unit cells 
electrically connected to one another. The term “combina 
tion battery designates a combination of a plurality of 
battery modules. It is possible to use any one of a “unit cell', 
“battery module”, and “combination battery', as a battery. 
The appellations of “unit cell”, “battery module” and “com 
bination battery are used to facilitate understanding of 
differences in sizes of batteries. Further, it is possible to use 
a plurality of battery modules in a combination battery, Such 
that the plurality of battery modules are electrically con 
nected to one another, or are independently used without 
electrically connecting them to each other. 

First Embodiment 

0025 FIG. 1 is a front view of a battery module 60 
according to a first embodiment of the present invention. 
FIGS. 2A and 2B and FIGS. 3A and 3B are a front view, 
side view, top view, and bottom view, respectively, of a 
retention member 50 in a state that the retention member 50 
retains laminate-sheathed cells 11 therein, and FIG. 4 is a 
front view of a printed-wiring board 51 constituting the 
retention member 50. FIG. 5 is a perspective view of an 
example of the laminate-sheathed cell 11, FIG. 6A is a plan 
view of the laminate-sheathed cell 11, and FIG. 6B is a 
cross-sectional view taken along a line 6B-6B of FIG. 6A. 
FIG. 7A through FIG. 7C are a front view, a top view, and 
a side view, respectively, of a battery accommodation case 
61 shown in FIG. 1. 

0026 Generally referring to FIG. 1 through FIG. 4, the 
battery module 60 includes: unit cells 11; the retention 
member 50 for retaining the unit cells 11 therein; and the 
battery accommodation case 61 for accommodating therein 
the retention member 50 for retaining the unit cells 11 
therein. The retention member 50 is configured with the 
printed-wiring board 51 printed with Voltage measurement 
wiringS 52 for measuring Voltages of the unit cells 11, 
respectively. The battery module further includes clipping 
members 53 detachably attached to the printed-wiring board 
51, so as to electrically connect electrode terminals 41, 42 of 
the unit cells 11 to the Voltage measurement wiringS 52, 
respectively. Used as the unit cells 11 are laminate-sheathed 
cells each including an electric-power generating element 
encapsulated within a laminate film. The battery accommo 
dation case 61 is simply called “case 61' hereinafter, when 
appropriate. 

0027. In detail, the retention member 50 for retaining the 
laminate-sheathed cells 11 is configured with the printed 
wiring board 51, in the battery module 60 of this embodi 
ment. While the detailed explanation of the printed-wiring 
board 51 is omitted since the same belongs to a known 
technique, the printed-wiring board has a structure including 
wirings made of copper foils adhered onto obverse and 
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reverse Surfaces of an insulative board made of a non 
electroconductive material Such as bakelite or epoxy resin 
and having a thickness of Several millimeters. The printed 
wiring board 51 includes the insulative board, and is thus a 
relatively rigid plate material. AS described later, the printed 
wiring board 51 has retaining Surfaces each having an elastic 
sheet 54 (corresponding to an elastic body) adhered thereto, 
and each elastic sheet 54 is electrically insulative and is 
compressed and elastically deformed by the associated lami 
nate-sheathed cells 11 when the printed-wiring board 51 is 
accommodated within the battery accommodation case 61 
(see a partially enlarged view in FIG. 2B). 
0028. The printed-wiring board 51 retains a cell assembly 
12 configured with a plurality of laminate-sheathed cells 11 
electrically connected together. The plurality of laminate 
sheathed cells 11 are retained on both obverse and reverse 
surfaces 51a and 51b of the printed-wiring board 51. Con 
cretely, the obverse surface 51a of the printed-wiring board 
51 retains thereon four laminate-sheathed cells 11 aligned in 
a widthwise direction (right-and-left direction in FIG. 1), 
and the reverse surface 51b of the printed-wiring board 51 
also retains thereon four laminate-sheathed cells 11 aligned 
in the widthwise direction. In the illustrated embodiment, 
totally eight laminate-sheathed cells 11 are connected 
together in Series to constitute the cell assembly 12. In this 
way, it becomes possible to provide the battery module 60 
capable of coping with a desired Voltage, by connecting an 
appropriate number of laminate-sheathed cells 11 together in 
SCCS. 

0029. Formed at a lower end portion of the printed-wiring 
board 51 are recesses 55 for receiving therein the electrode 
terminals 41, 42 of the laminate-sheathed cells 11, respec 
tively. The laminate-sheathed cell 11 retained at the left end 
of the obverse surface 51a of the printed-wiring board 51, 
has its negative electrode terminal 42 placed in the associ 
ated receSS 55 and connected to a positive electrode terminal 
41 of the laminate-sheathed cell 11 retained at the left end of 
the reverse Surface 51b. In turn, the laminate-sheathed cell 
11 retained at the left end of the reverse Surface 51b has its 
negative electrode terminal 42 placed at an upper portion of 
the reverse surface 51b and connected to a positive electrode 
terminal 41 of a rightward neighbored laminate-sheathed 
cell 11. By repeating Such a connection, the eight laminate 
sheathed cells 11 are connected together in Series. Further, 
the laminate-sheathed cell 11 at the left end of the obverse 
surface 51a has its positive electrode terminal 41 electrically 
connected with a positive terminal 63, while the laminate 
sheathed cell 11 at the right end of the obverse surface 51a 
has its negative electrode terminal 42 electrically connected 
with a negative terminal 64. 
0030 There are adopted appropriate connecting members 
Such as bus-bars 80, in case of mutually connecting the 
electrode terminals 41, 42 of neighboring laminate-sheathed 
cells 11 at upper portions of the obverse surface 51a and 
reverse surface 51b of the printed-wiring board 51, respec 
tively. As described later, two electrode terminals 41, 42 
placed in the pertinent receSS 55 are directly and electrically 
connected to each other, by the associated clipping member 
53. 

0031. The printed-wiring board 51 is printed with a 
plurality (eight in the illustrated embodiment) of Voltage 
measurement wiringS 52 for measuring Voltages of the 
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plurality (eight in the illustrated embodiment) of laminate 
sheathed cells 11, respectively (see FIG. 4). Particularly, in 
this embodiment, the plurality of Voltage measurement 
wiringS 52 are printed on the obverse and reverse Surfaces 
51a and 51b, respectively, since the plurality of laminate 
sheathed cells 11 are retained on the obverse and reverse 
surfaces 51a and 51b of the printed-wiring board 51, respec 
tively. Concretely, eight Voltage measurement wiringS 52 
(generic designation of 52a through 52h) are printed on the 
obverse surface 51a of the printed-wiring board 51, since 
four laminate-sheathed cells 11 are retained thereon. Simi 
larly, the reverse surface 51b is printed with eight voltage 
measurement wiringS 52. 
0032. Although the wiring pattern of the voltage mea 
Surement wiringS 52 is not particularly limited, measure 
ment terminals 56 provided at one ends of the voltage 
measurement wiringS 52e through 52h are arranged at inner 
edges 55a of the recesses 55, respectively, in this embodi 
ment. Further, measurement terminals 57 provided at one 
ends of the Voltage measurement wiringS 52a through 52d 
are arranged at an upper portion of the printed-wiring board 
51 where the electrode terminals 41, 42 of the laminate 
sheathed cells 11 are arranged. Herein, the electrode termi 
nals 41, 42 of the retained laminate-sheathed cells 11 are 
overlapped with the measurement terminals 57, respectively. 
These electrode terminals 41, 42 of the laminate-sheathed 
cells 11 are electrically connected to the measurement 
terminals 57, respectively, by exemplarily Soldering or ultra 
Sonic welding these overlapped portions to each other. The 
other ends of the Voltage measurement wiringS 52 are 
connected to a terminal section 58 provided at a left end of 
the printed-wiring board 51. Although not shown, this 
terminal section 58 is detachably connected with a connector 
connected to an external controlling apparatus So that the 
external controlling apparatus is allowed to measure the 
Voltages of the laminate-sheathed cells 11. 
0033. The clipping members 53 are detachably attached 
to the recesses 55 of the printed-wiring board 51, respec 
tively. Each clipping member 53 has right and left sides 
formed with grooves 53a to be fitted onto inner edges 55a 
of the associated receSS 55, respectively. Each clipping 
member 53 is attached to the associated recess 55, by 
inserting the former into the latter while fitting the grooves 
53a onto the inner edges 55a of the recess 55, respectively. 
As described above, placed in each recess 55 are electrode 
terminals 41, 42 of the associated obverse and reverse 
laminate-sheathed cells 11, and the associated clipping 
member 53 is formed with an accommodating Space for 
accommodating therein the two electrode terminals 41, 42 
positioned in the recess 55. Within this accommodating 
Space, the two electrode terminals 41, 42 are integrally 
clipped and electrically connected to each other. Each clip 
ping member 53 is provided with an interior wiring 59 for 
electrically connecting: the two electrode terminals 41, 42 
clipped in the clipping member, to the associated measure 
ment terminal 56 arranged at the inner edge 55a of the 
associated recess 55. The interior wiring 59 is exemplarily 
configured with a thin metal plate attached to the inner 
Surface which defines the accommodating Space. Thus, 
inserting the clipping member 53 into the associated receSS 
55 electrically connects the two electrode terminals 41, 42 
positioned within the recess 55 to each other, and electrically 
connects the electrode terminals 41, 42 to the associated 
Voltage measurement wiring 52. Each clipping member 53 
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is to exhibit Such an electrical connecting function, and 
another function to fixedly position the two electrode ter 
minals 41, 42 in the receSS55, i.e., a positioning function for 
restricting the positions of the associated two laminate 
sheathed cells 11 relative to the printed-wiring board 51. 
This enables to omit dedicated members and dedicated 
operations for duly positioning the laminate-sheathed cells 
11. 

0034 Preferably, each clipping member 53 comprises an 
element having a Spring nature capable of applying a clip 
ping pressure to the electrode terminals 41, 42, thereby 
ensuring the connection therebetween. Meanwhile, it is also 
effective to provide a stopper Such as a locking pawl for 
preventing the clipping member 53 from falling out of the 
receSS 55. 

0035. The printed-wiring board 51 retaining the plurality 
of laminate-sheathed cells 11 in the above manner is accom 
modated within the case 61. 

0036) The case 61 includes upper and lower spaces filled 
with an insulative potting material Such as a lower-tempera 
ture curing type of urethane-based potting material. Filling 
the potting material to thereby insulatingly encapsulate and 
fix the connecting circuit, restricts looseness of the laminate 
sheathed cells 11, and prevents disconnection of the elec 
trical connecting circuit adopting the bus-bars, for example. 

0037 Referring to FIG. 5 and FIG. 6, each laminate 
sheathed cell 11 includes: a pair of laminate films 21, 22 
having flexibility; an electric-power generating element 31 
encapsulated within the laminate films 21, 22 by heat 
welding outer peripheries of the laminate films 21, 22 to 
each other, and positive and negative electrode terminals 41, 
42 having one ends electrically connected to the electric 
power generating element 31. The electrode terminals 41, 42 
are connected to the opposite end Surfaces of the electric 
power generating element 31, respectively. The other ends 
of the electrode terminals 41, 42 are outwardly protruded 
from the outer peripheries of the laminate films 21, 22, 
respectively. 

0038. The illustrated laminate-sheathed cell 11 is a 
lithium-ion Secondary cell, for example, in which the 
Stacked type of electric-power generating element 31 is 
provided by Successively Stacking a positive electrode plate, 
a negative electrode plate, and a separator, and is encapsu 
lated within the laminate films 21, 22. In case of the 
laminate-sheathed cell 11 including the Stacked type of 
electric-power generating element 31, it is required to apply 
a pressure to grip the electric-power generating element 31 
So as to keep the distance between the electrode plates 
constant to thereby maintain the cell performance. 
0039) To this end, the printed-wiring board 51 in this 
embodiment has its retaining Surfaces carrying elastic sheets 
54 adhered thereto, and these elastic sheets 54 are to be 
compressed and elastically deformed by the laminate 
sheathed cells 11 when the cells 11 are accommodated 
within the case 61 (see the partially enlarged view in FIG. 
2B). Elastic deformation of the elastic sheets 54 allows the 
laminate-sheathed cells 11 to be accommodated within the 
case 61, in a State that the electric-power generating ele 
ments 31 are clamped between the case 61 and printed 
wiring board 51. Usable as the elastic sheet 54 is an 
appropriate elastic material Such as rubber or urethane. The 
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reason why the elastic sheets 54 are provided on the retain 
ing Surfaces of the printed-wiring board 51, respectively, is 
that, the elastic sheets 54 previously adhered to the printed 
wiring board 51 enable an increased productivity upon 
mounting the laminate-sheathed cells 11 onto the printed 
wiring board 51, while the heat dissipation ability would be 
deteriorated if the elastic sheets 54 were interposed between 
the laminate-sheathed cells 11 and the inner Surface of the 
case 61. It is advisable to interpose thermally conductive 
sheets having a higher thermal conductivity between the 
laminate-sheathed cells 11 and the inner Surfaces of the case 
61 So as to closely contact them with each other, So that the 
heat generated from the laminate-sheathed cells 11 is highly 
dissipated to the exterior. In Such a case, adoption of highly 
thermally conductive sheets having elasticity enables the 
electric-power generating elements 31 to be more preferably 
gripped. 

0040. Referring to FIG. 6B, each of the laminate films 
21, 22 is typically a composite sheet comprising two or more 
layers, and typically includes, from the inside to the outside, 
a Sealing layer 24 to be heat-welded, a metal layer 25 Such 
as an aluminum laminate film, and a resin layer 26 forming 
an outer sheath. The Sealing layer 24 is formed of a heat 
Sealable resin. Applicable heat-Sealable resin materials 
include those thermoplastic resin materials Such as polypro 
pylene (PP), polyethylene (PE) and the like. 
0041. The laminate films 21, 22 have rectangular shapes, 
respectively, and are coated onto the associated electric 
power generating element 31 in a manner to interpose it 
therebetween. The Sealing layerS 24 of the pair of laminate 
films 21, 22 are joined to each other by heat-welding, from 
the Outer periphery of the associated electric-power gener 
ating element 31 to the outer ends of the laminate films. At 
those portions where the electrode terminals 41, 42 are 
protruded, the aluminum plates constituting the electrode 
terminals 41, 42 are directly joined to the Sealing layerS 24, 
respectively, by heat-welding. Among four SideS 23a 
through 23d of the outer periphery 23, the two sides 23a and 
23c, through which the electrode terminals 41, 42 are 
protruded, respectively, are portions where Small gaps are 
likely to be caused due to vibration transmitted via electrode 
terminals 41, 42. Therefore, the tear strengths at the sides 
23a and 23c through which the electrode terminals 41, 42 
are protruded, are generally increased as compared with tear 
strengths at the other two sides 23b and 23d. The tear 
Strengths of the Sides 23a and 23c are increased as compared 
with those of the sides 23b and 23d, by exemplarily applying 
surface treatment to the electrode terminals 41, 42, by 
adjusting the material of the Sealing layerS 24, or by chang 
ing the manner or conditions of heat-welding. The heat 
welded outer periphery 23 is also called a "sealed portion 
23. 

0042. In case of generation of gas within the cell due to 
abnormality Such as overcharge, there is torn that heat 
welded portion of the side 23b or side 23d which has a 
weaker tear Strength among the four Sides 23a through 23d 
of the Sealed portion 23 when the pressure of the generated 
gas becomes higher than a predetermined pressure, and then 
the gas is released to the exterior through the torn portion. 
This prevents Such a situation that the laminate-sheathed cell 
11 is exploded, and improves the reliability upon abnormal 
ity. The predetermined pressure at which the heat-welded 
portion of the side 23b or side 23d is torn, can be appro 
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priately Set by exemplarily varying the width of the Sealed 
portion 23 or the heat-welding conditions, and the predeter 
mined pressure may be about 1 kgf/cm, for example. 
0043 Referring to FIGS. 7A through 7C, the case 61 
includes: a casing 70 exhibiting a Substantially flat shape So 
as to accommodate the laminate-sheathed cells 11 therein, in 
a hermetically sealed State; and a tearing valve (not shown) 
for releasing a gas generated from the laminate-sheathed cell 
11 and spread within the casing 70 upon abnormality, toward 
the exterior, when the gas pressure has reached the prede 
termined pressure. 
0044) The casing 70 includes first and second casing 
halves 71 and 72 to be abutted onto each other to thereby 
define a cell accommodating Space within the casing 70. The 
first and Second casing halves 71 and 72 have flat rectangular 
shapes (see FIG. 7A), respectively, and have arcuately 
rounded upper end portions and lower end portions (see 
FIG. 7C), respectively. The dimensions of the casing 70 
may be appropriately selected. The casing 70 in the illus 
trated embodiment has Such dimensions to accommodate 
therein the printed-wiring board 51 which retains totally 
eight laminate-sheathed cells 11 comprising four and four 
laminate-sheathed cells 11 aligned in the widthwise direc 
tion on the obverse and reverse Surfaces 51a and 51b of the 
printed-wiring board 51, respectively. Although it is possible 
to Select an appropriate material Such as metal material or 
resin material for the first and Second casing halves 71 and 
72, it is desirable that the casing halves are made of metal 
material Such as aluminum or Stainless Steel from a Stand 
point of cooling performance and Strength. The first and 
second casing halves 71 and 72 are fastened to each other by 
fastening Screws (not shown) Such that the cell accommo 
dating Space is brought into a hermetically Sealed State and 
is Sealed from moisture. It is possible to enhance the 
water-tightness at the abutted Surfaces of the first and Second 
casing halves 71 and 72, by exemplarily coating a Sealing 
material thereon, or by interposing a Sealing member like a 
packing therebetween. Defined between the abutted side 
surfaces of the first and second casing halves 71 and 72, is 
a circular through-hole 73 in which the positive terminal 63 
and negative terminal 64 of the cell assembly 12 are 
arranged (see FIG. 1). 
004.5 The casing 70 is provided with one or more tearing 
Valves. It is possible to employ an appropriate constitution 
for the tearing valve, and the tearing valve exemplarily 
includes: a gas releasing hole opened at the casing 70; and 
a Sealing plate for Sealing the gas releasing hole and for 
opening the gas releasing hole when the internal pressure of 
the casing 70 has reached a predetermined pressure. The 
Sealing plate is formed of an appropriate material Such as a 
Sealing material, metal material or resin material, and is 
mounted by a joiner Such as adhesive or heat Sealing in a 
manner to Seal the gas releasing hole. When the gas gener 
ated from the laminate-sheathed cell 11 into the casing 70 
upon abnormality has reached the predetermined pressure, 
the Sealing plate is torn or bursted and the gas spread within 
the casing 70 is released to the exterior through the gas 
releasing hole. This prevents abnormal expansion, breakage 
and the like of the case 61. The predetermined pressure, at 
which the tearing valve is operated, can be appropriately Set 
by exemplarily changing the material, the wall thickness of 
the Sealing plate, the kind of adhesive to be used, and/or the 
heat-welding conditions, and the predetermined preSSure is 
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Set to be the Same as the pressure, at which the Sealed portion 
23 of the laminate-sheathed cell 11 is torn, i.e., about 1 
kgf/cm, for example. 
0046. In assembling the battery module 60, the elastic 
sheets 54 are firstly adhered onto the retaining surfaces of 
the obverse and reverse surfaces 51a and 51b of the printed 
wiring board 51 printed with the voltage measurement 
wirings 52, respectively. The printed-wiring board 51 is then 
oriented horizontally, and four laminate-sheathed cells 11 
are arranged thereon while placing the applicable electrode 
terminals 41, 42 into the associated recesses 55, respectively. 
The sides 23b and 23d of the two laminate-sheathed cells 11 
at the left Side are overlapped with each other, and the Sides 
23b and 23d of the other two laminate-sheathed cells 11 at 
the right side are overlapped with each other (see FIG. 2). 
0047. When the laminate-sheathed cells 11 are arranged 
on the printed-wiring board 51, the applicable electrode 
terminals 41, 42 are overlapped with the associated mea 
surement terminals 57, respectively. The four laminate 
sheathed cells 11 are temporarily fixed, and the overlapped 
portions in this State are Soldered or ultraSonic welded to 
each other, to thereby electrically connect the electrode 
terminals 41, 42 of the laminate-sheathed cells 11 to the 
measurement terminals 57, respectively. Additionally, the 
positive electrode terminal 41 of the leftmost laminate 
sheathed cell 11 on the obverse surface 51a is electrically 
connected with the positive terminal 63, and the negative 
electrode terminal 42 of the rightmost laminate-sheathed cell 
11 on the obverse surface 51a is electrically connected with 
the negative terminal 64. 
0.048. The printed-wiring board 51, in the state where the 
four laminate-sheathed cells 11 are temporarily fixed 
thereon, is turned over back to front, and then the remaining 
four laminate-sheathed cells 11 are arranged and the elec 
trode terminals 41, 42 thereof are connected to the associ 
ated measurement terminals 57, respectively, in the same 
manner as the above. This results in a State that the electrode 
terminals 41, 42 of the paired two laminate-sheathed cells 11 
on the obverse and reverse sides, respectively, are positioned 
in the associated recess 55 of the printed-wiring board 51. 
0049 Next, each clipping member 53 is fitted into the 
asSociated receSS55, while inserting the associated electrode 
terminals 41, 42 into the accommodating Space for the 
clipping member 53. This simultaneously completes both 
the electrical connection between the two electrode termi 
nals 41, 42 positioned within the associated recess 55, and 
the electrical connection between the electrode terminals 41, 
42 and the associated Voltage measurement wiring 52. 
0050. Then, the temporary fixation of the laminate 
sheathed cells 11 is quitted, and the printed-wiring board 51 
retaining thereon the plurality of laminate-sheathed cells 11 
is accommodated into the case 61 and the potting material is 
filled thereinto, for example, thereby completing the assem 
bling of the battery module 60. 
0051. In the battery module 60 according to the first 
embodiment, the retention member 50 for retaining the 
laminate-sheathed cells 11 is configured with the printed 
wiring board 51 printed with the voltage measurement 
wiringS 52 for measuring the Voltages of the laminate 
sheathed cells 11, respectively, So that the laminate-sheathed 
cells 11 are retained by the relatively rigid printed-wiring 

Feb. 23, 2006 

board 51, thereby facilitating the handling of the laminate 
sheathed cells 11 and increasing the production efficiency. 
Further, the Voltage measuring operation Such as the cable 
drawing-around operation in the conventional can be dras 
tically reduced. Moreover, no cables are provided within the 
case 61, thereby making it unnecessary to reserve a Space for 
arranging cables within the case 61, and thereby enabling 
downsizing of the case 61, thus of the power Source adopting 
the case 61. Furthermore, Since no cables are provided, there 
is never caused Such a situation where cables apply StreSS to 
the laminate-sheathed cells 11. 

0052 The battery module further includes the clipping 
members 53 detachably attached to the printed-wiring board 
51 to thereby electrically connect the electrode terminals 41, 
42 of the laminate-sheathed cells 11 to the Voltage measure 
ment wiringS 52, respectively, thereby allowing to Simulta 
neously complete both the electrical connection between the 
paired two electrode terminals 41, 42 positioned within the 
asSociated receSS 55, and the electrical connection between 
the electrode terminals 41, 42 and the associated Voltage 
measurement wiring 52, So that the production efficiency can 
be further increased. 

0053 Each clipping member 53 further has a positioning 
function for restricting the positions of the associated lami 
nate-sheathed cells 11 relative to the printed-wiring board 
51, thereby enabling to omit dedicated members and dedi 
cated operations for duly positioning the laminate-sheathed 
cells 11, so that the production efficiency can be further 
increased. 

0054 The battery module further includes the elastic 
sheets 54 which are provided on the retaining Surfaces of the 
printed-wiring board 51 and which are compressed and 
elastically deformed by the laminate-sheathed cells 11 when 
the printed-wiring board is accommodated into the battery 
accommodation case. Thus, in case of laminate-sheathed 
cells 11 provided with stacked types of electric-power 
generating elements 31, the electric-power generating ele 
ments 31 can be preSSurized and gripped, thereby allowing 
to keep distances between electrode plates constant, to 
thereby maintain the cell performance and prolong the 
Service life. 

0055) Further, the printed-wiring board 51 retains the cell 
assembly 12 configured with the plurality of laminate 
sheathed cells 11 electrically connected together and the 
printed-wiring board 51 is printed with the plurality of 
Voltage measurement wiringS 52 for measuring the Voltages 
of the plurality of laminate-sheathed cells 11, respectively, 
So that many laminate-sheathed cells 11 can be easily 
handled and the production efficiency can be further 
increased. Moreover, the Voltage measuring operation Such 
as the cable drawing-around operation can be drastically 
reduced, thereby also enabling to downsize the power 
SOCC. 

0056. In the above, the plurality of laminate-sheathed 
cells 11 are retained by the obverse and reverse surfaces 51a 
and 51b of the printed-wiring board 51 and the plurality of 
Voltage measurement wiringS 52 are printed on the obverse 
and reverse surfaces 51a and 51b of the printed-wiring board 
51, so that the battery module can be downsized by effec 
tively utilizing the widthwise direction of the printed-wiring 
board 51 to the utmost, and so that the laminate-sheathed 
cells 11 provided on the obverse and reverse surfaces are 
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allowed to independently conduct heat dissipation to thereby 
restrict degradation of the cell performance. 

0057) Each unit cell 11 is the laminate-sheathed cell 11 
comprising the electric-power generating element encapsu 
lated within the laminate film, thereby allowing to provide 
the light-weighted battery module 60. 
0.058 Note that the battery module 60 is not limited to the 
details described with respect to the above embodiment, and 
the conventionally known measures may be appropriately 
adopted. For example, the electrode terminals 41, 42 of the 
paired two laminate-sheathed cells 11 may be coupled to 
each other, by heat-welding, laser welding, electron-beam 
welding, by a rivet, or by a caulking technique. 

0059. In the above, the illustrated laminate-sheathed cell 
11 is provided in the configuration that the positive and 
negative electrode terminals 41, 42 for the associated elec 
tric-power generating element 31 are connected to the 
opposite end Surfaces of the electric-power generating ele 
ment 31, respectively. However, the present invention is also 
applicable to a situation for accommodating a laminate 
sheathed cell provided in a configuration where both posi 
tive and negative electrode terminals 41, 42 are connected to 
one end Surface of the associated electric-power generating 
element 31. 

Second Embodiment 

0060 FIG. 8 is a perspective view of a combination 
battery 90 according to a second embodiment of the present 
invention, and FIG. 9 is a schematic view of a vehicle 100 
comprising the combination battery 90 mounted thereon. 
0061 The combination battery 90 of the second embodi 
ment is configured by Stacking a plurality of battery modules 
60 according to the first embodiment, via clearances 97 for 
flowing cooling air C therethrough. While the dimension of 
each clearance 97 may be appropriately Set, there can be 
exemplarily adopted a dimension within a range of 2 mm to 
4 mm from a Standpoint for Stacking the battery modules in 
as many Stages as possible within a limited Space and for 
realizing a preferable flow of cooling air C. 
0062) While the plurality of battery modules 60 in a 
combination battery may be independently used without a 
mutual electrical connection, the illustrated embodiment 
includes the combination battery 90 configured by electri 
cally connecting the plurality of battery modules in parallel. 
Preparing the plurality of battery modules into the combi 
nation battery 90 enables to deal with the demand for a 
battery capacity or output for each purpose of use, in a 
relatively inexpensive manner without fabricating a newly 
dedicated type of battery module 60. 
0063) To establish the combination battery 90 by paral 
lelly connecting six battery modules 60 as shown in FIG. 8, 
the positive terminals 63 and negative terminals 64 of the 
battery modules 60 are electrically connected to each other, 
by a positive-terminal coupling plate 91 having an outer 
positive-terminal portion 91a and a negative-terminal cou 
pling plate 92 having an Outer negative-terminal portion 
92a, respectively. Further, each case 61 is provided with 
Screw-hole portions (not shown) at both sides, and the 
battery modules 60 are coupled to one another by fixing, 
joint plates 93 having opening portions corresponding to the 
Screw-hole portions, to the Screw-hole portions by Setscrews 

Feb. 23, 2006 

94, respectively. The positive terminals 63 and negative 
terminals 64 of the battery modules 60 are protected by a 
positive-electrode insulating cover 95 and a negative-elec 
trode insulating cover 96, respectively, and distinguished 
from each other by appropriate coloring Such as red and 
blue. Provided between the upper battery modules 60 and 
lower battery modules 60 are the clearances 97 for passing 
therethrough the cooling air C, respectively. 
0064. Thus, even when the laminate-sheathed cell(s) 11 
or battery module(s) 60 is/are troubled in the combination 
battery 90 established by parallelly connecting the plurality 
of battery modules 60, the combination battery 90 can be 
repaired by Simply replacing the troubled element(s). 
0065. When the combination battery 90 is to be installed 
in an electric vehicle (EV) 100 as shown in FIG. 9, it is 
installed under a Seat at the central portion of the vehicular 
body. This is because, the installment under the Seat enables 
to reserve a wider in-vehicle Space and a wider trunk room. 
Note that the combination battery installment position is not 
limited to that under the Seat, and may be under a rear trunk 
room. In case of an EV or FCV (fuel-cell vehicle) without 
engines, the combination battery may be installed at a front 
part of the vehicle where an engine was typically installed. 
0066 Further, each laminate-sheathed cell 11 is relatively 
light-weighted as compared with a cell using a metallic outer 
canister, thereby contributing to lightening the combination 
battery 90, thus the whole of the vehicle 100, and therefore 
contributing to improving the mileage of an EV vehicle, for 
example. 
0067. As described above, since the combination battery 
90 according to the second embodiment is configured by 
stacking the plurality of battery modules 60, the combina 
tion battery 90 can be obtained in various capacities and/or 
Voltages by Simply changing the number of fundamental or 
elemental battery modules 60 or by changing the connecting 
manner thereof. 

0068. Further, installment of the battery module 60 or 
combination battery 90 prevents an excessively increased 
weight of the vehicle 100 and prevents an excessively 
narrowed effective Space, thereby enabling to provide the 
vehicle 100 Superior in the mileage and running perfor 

CC. 

0069. Although the combination battery 90 provided by 
vertically stacking the plurality of battery modules 60 has 
been illustrated, the assembling direction is not limited to the 
Vertical. For example, the combination battery may be 
established Such that a plurality of Vertically upstanding 
battery modules 60 are juxtaposed with each other in a 
lateral direction. 

0070 Further, the installing manner is not limited to the 
combination battery 90 in the EV, for example, and it is 
possible to install a battery module(s) 60 only, or a combi 
nation of combination battery 90 and battery module(s) 60, 
depending on the usage in a Suitable vehicle. The vehicle 
100, in which the battery module 60 or combination battery 
90 of the present invention can be installed, preferably 
includes an EV, FCV or hybrid electric vehicle (HEV), 
without limited thereto. 

Third Embodiment 

0071 FIG. 10 is a front view of a printed-wiring board 
constituting a retention member according to a third embodi 
ment of the present invention. 
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0.072 The third embodiment is provided by adding tem 
perature detectors 110 (generic term for 110a through 110d), 
and temperature measurement wirings 111 (generic term for 
111a through 111d) and 112 (generic term for 112a through 
112d) to the printed-wiring board of the first embodiment, 
and constituent elements identical with those of the first 
embodiment are denoted by the same reference numerals 
and the explanation thereof shall be omitted. 
0073. Note that it is possible to control input and output 
Voltages of the laminate-sheathed cells 11 in the Secondary 
battery of the present invention correspondingly to the 
temperature characteristics of the laminate-sheathed cells 
11, by individually measuring Voltages of the laminate 
sheathed cells 11 and individually detecting the temperatures 
thereof. 

0.074 Arranged on the printed-wiring board 51 are the 
temperature detectors 110 at the arranging positions of the 
laminate-sheathed cells 11, respectively. Each temperature 
detector 110 comprises a wiring Such as a K type of 
thermocouple or a thermistor, which preferably has a mea 
Suring range of about -50 C. to +100° C. Although it is 
preferable that the temperature detector is configured with a 
printed wiring to thereby exclude any irregularity at the 
arrangement Surface for the associated laminate-sheathed 
cell 11, it is also possible to exemplarily attach Such a 
Small-sized chip as the temperature detector to the board, 
which chip never obstructs the arrangement of the laminate 
sheathed cell 11. The above temperature detector 110 are 
arranged at the arranging positions of the plurality of lami 
nate-sheathed cells 11 on the printed-wiring board 51, 
respectively, and are connected to the terminal Section 58 via 
temperature measurement wiringS 111, 112, respectively. 
Also, the temperature detector 110 and temperature mea 
Surement wiringS 111, 112 are arranged on the opposite 
surface of the printed-wiring board 51. 
0075. In this way, the terminal section 58 is connected to 
a power-Source controlling part (not shown), thereby allow 
ing to detect the temperatures of the laminate-sheathed cells, 
respectively. 

0.076 Thus, in the third embodiment, it becomes possible 
to omit Separate provision of the temperature detector them 
Selves as well as Separate wirings for the temperature 
detector, in addition to the effects provided by the first 
embodiment. 

0077 Although the temperature detector 110 have been 
arranged for the individual laminate-sheathed cells 11 in this 
embodiment, respectively, it is also possible to decrease the 
number of temperature detector depending on the require 
ment of temperature management. In that case, it is possible 
to detect the temperature of a Specific laminate-sheathed 
cell(s) 11 only, or to detect the temperature of the whole 
assembly of the laminate-sheathed cells 11 at a position 
offset from the arranging positions of the laminate-sheathed 
cells 11. 

Fourth Embodiment 

0078 FIG. 11 through FIG. 14 relate to an improvement 
of the bus-bars 80 for mutually connecting the upper elec 
trode terminals 41, 42 (right and left terminals) of the 
neighboring laminate-sheathed cells 11 on the printed-wir 
ing board of the first embodiment, respectively. The bus-bars 
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in the first embodiment have been connected to the electrode 
terminals 41, 42 by Soldering or ultraSonic welding, and 
these electrode terminals have been Soldered or ultrasonic 
welded to the measurement terminals 57, respectively, So as 
to ensure the connection therewith. 

0079. In the fourth embodiment, the bus-bars are fixed to 
the board by fastener such as bolt or rivet. In this case, the 
electrode terminals 41, 42 are clamped between the bus-bars 
and the board, respectively, thereby ensuring electrical con 
nections between the bus-bars and electrode terminals by 
crimping, respectively. Further, Since measurement termi 
nals 57 are arranged at the fastening locations, the connec 
tion between the electrode terminals and the measurement 
terminals 57 can also be ensured. 

0080 Meanwhile, it is required in this embodiment that 
the upper electrodes of the laminate-sheathed cells at the 
obverse Surface of the printed-wiring board are electrically 
insulated from the corresponding upper electrodes of the 
laminate-sheathed cells at the reverse Surface of the printed 
wiring board, respectively (see FIG. 3A, for example). 
Therefore, the fastening positions are arranged at locations 
other than the electrode terminals, as shown in FIG. 11A. 
Such an arrangement enables to Simultaneously obtain the 
electrical connection between the electrode terminals and 
bus-bars and the electrical connection between the electrode 
terminals and measurement terminals 57, respectively. 
0081 FIG. 12A is a see-through rear view of the battery 
module, and the electrode terminals 41, 42 are clamped 
between the bus-bars and the board similarly to the obverse 
Surface of the board, thereby ensuring the electrical connec 
tion between the electrode terminals and the bus-bars by 
crimping. Further, the measurement terminals 57 are 
arranged at the fastening locations, respectively, thereby 
allowing to ensure the electrical connections between the 
electrode terminals and the measurement terminals 57, 
respectively. 

0082) Further, FIG.13 and FIG. 14 show another version 
of the fourth embodiment which is characterized in that the 
measurement terminals 57 are arranged on only one side of 
the board. Namely, electroconductive materials are used as 
the fastener, for electrical connection from the bus-bars or 
electrode terminals at the reverse Surface Side to the mea 
Surement terminals at the obverse Surface Side of the board. 
This allows to limit the printed surface of the printed-wiring 
board to only one Side thereof, thereby achieving an advan 
tageous cost performance. 

0083. According to the fourth embodiment, the cell volt 
age can be monitored without welding. Further, the bus-bars 
can be fixed to the printed-wiring board 51, thereby improv 
ing the vibration resistance. 

Other Embodiments 

0084. Although the battery modules have been described 
concerning the embodiments each including the plurality of 
unit cells connected together in Series, the present invention 
is not limited thereto and can be applied to a battery module 
including a plurality of unit cells connected in parallel by 
utilizing Such a feature of a printed-wiring board that the 
freedom degree of wiring pattern is high. It is also possible 
to form: a wiring pattern having the function of the bus-bars 
80 for connecting the electrode terminals 41, 42 to each 
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other, on the printed-wiring board. Further, although there 
have been described the embodiments including the appli 
cable electrode terminals 41, 42 clamped by the clipping 
members 53 and electrically connected to each other, it is 
possible to adopt Such a constitution that the applicable two 
electrode terminals of the pertinent two unit cells are indi 
vidually electrically connected to the associated Voltage 
measurement wirings, respectively, while clamping and fix 
ing the applicable two electrode terminals in a State electri 
cally insulated from each other. 
0085. According to the embodiments described, a plural 
ity of unit cells are retained by a relatively rigid printed 
wiring board to thereby exhibit such an effect that the 
handling of unit cells is facilitated to thereby enhance the 
production efficiency, while exhibiting another effect that the 
Voltage measuring operation Such as a cable drawing-around 
operation can be drastically reduced and the power Source 
can be downsized. 

0.086 The present invention can be used in an application 
for facilitating the handling of unit cells and for enhancing 
the production efficiency. 
0087. The entire contents of Japanese Patent Application 
No. 2003-353528, filed on Oct. 14, 2003, and Japanese 
Patent Application No. 2004-243810, filed on Aug. 24, 
2004, are incorporated herein by reference. 
0088 While preferred embodiments pf the present inven 
tion have been described using Specific terms, Such descrip 
tion is for illustrative purposes, and it is to be understood that 
changes and variations may be made without departing from 
the Spirit or Scope of the following claims. 
What is claimed is: 

1. A battery module comprising: 
a cell assembly configured with a plurality of unit cells 

electrically connected together, each unit cell including 
an electric-power generating element and a laminate 
film encapsulating the electric-power generating ele 
ment therein, 

a battery accommodation case configured to accommo 
date the cell assembly therein; and 

a retention member configured to retain the plurality of 
unit cells as the cell assembly, the retention member 
being configured with a printed-wiring board printed 
with Voltage measurement wirings configured to mea 
Sure Voltages of the plurality of unit cells, respectively. 

2. The battery module as claimed in claim 1, wherein the 
battery module further comprises clipping members which 
are detachably attached to the printed-wiring board and 
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which electrically connect electrode terminals of the plural 
ity of unit cells to the Voltage measurement wirings, respec 
tively. 

3. The battery module as claimed in claim 2, wherein each 
of the clipping members further has a positioning function to 
restrict positions of associated ones of the plurality of unit 
cells, relative to the printed-wiring board. 

4. The battery module as claimed in claim 1, wherein the 
battery module further comprises elastic bodies which are 
provided on retaining Surfaces of the printed-wiring board, 
respectively, and which are compressed and elastically 
deformed by the plurality of unit cells when the printed 
wiring board is accommodated in the battery accommoda 
tion case. 

5. The battery module as claimed in claim 1, wherein the 
plurality of unit cells are retained on both obverse and 
reverse Surfaces of the printed-wiring board, and 

wherein the plurality of Voltage measurement wirings are 
printed on both the obverse and reverse surfaces of the 
printed-wiring board. 

6. The battery module as claimed in claim 1, wherein the 
retention member further comprises a temperature measure 
ment wiring configured to measure a temperature of the 
plurality of unit cells. 

7. The battery module as claimed in claim 1, wherein the 
battery module further comprises bus-bars and fastening 
members configured to fasten the bus-bars to the printed 
wiring board, respectively, 

wherein the bus-bars cause electrode terminals of the 
plurality of unit cells to be electrically connected to the 
Voltage measurement wirings, respectively, 

wherein the bus-bars electrically and mutually connect 
electrode terminals of those of the plurality of unit cells 
which are neighbored to each other in a direction of 
plane of the printed-wiring board, respectively, and 

wherein the fastening members are fastened to the 
printed-wiring board, at the Voltage measurement wir 
ings of the printed-wiring board, respectively. 

8. The battery module as claimed in claim 7, wherein the 
fastening members are electroconductive. 

9. A combination battery configured with a plurality of 
battery modules according to claim 1, the plurality of battery 
modules being electrically connected to each other in par 
allel and/or in Series. 

10. A vehicle comprising a battery module according to 
claim 1 mounted thereon. 

11. A vehicle comprising a combination battery according 
to claim 9 mounted thereon. 
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